suMMAY The coronary angiograms of 120 consecutive patients under 40 years of age were examined. Ten new cases of myocardial infarction with normal coronary arteriogram were identified (group 1) and compared with 30 cases of myocardial infarction and obstructive coronary disease (group 2). Heavy cigarette smoking was the sole major risk factor in group 1. Patients in group 2 smoked as well but most also had hypercholesterolaemia or hypertension. Pre-and postinfarction angina was rare among the patients with myocardial infarction and normal coronary arteriogram, and recanalisation after smokinginduced thrombotic occlusion is thought to be the most likely mechanism. Smoking-induced thrombosis is only likely to be recognised in special circumstances, when it develops in apparently normal coronary arteries, is followed by recanalisation, and is complicated by infarction as a permanent marker of previous obstruction to regional myocardial blood flow. Thrombotic occlusion of a "normal" coronary artery without recanalisation will only be recognised when infarction is fatal. If smoking can predispose to thrombosis in "normal" coronary arteries, it may be even more likely to accelerate thrombosis in atheromatous coronary arteries. The importance of recognising group 1 may well be in relation to the much commoner group 2.
The apparent paradox of well-documented myocardial infarction with a subsequently normal coronary arteriogram is no longer regarded as a rarity.1-3 Rosenblatt and Selzer4 reviewed the clinical features in six of their own cases and 19 other published cases and emphasised the absence of preinfarction syndrome, the absence of postinfarction angina, and the better prognosis. This study was undertaken to examine the clinical features and risk factors which distinguish those patients with mvocardial infarction and a normal coronary arteriogram from those whose infarction was associated with obstructive coronary disease before the age of 40. We examined this "young" group because causal factors may be more readily identified when they have exerted their effect at this early age.
Subjects and methods
We examined 120 The mean serum cholesterol level was 340 mg/ 100 ml (8-8 mmol/l) and the mean cigarette consumption was 18 cigarettes per day. Twenty-two of the patients had had preinfarction angina for between one week and five years before myocardial infarction and 20 of the patients had postinfarction angina. After initial infarction 10 of the 22 cigarette smokers stopped smoking. Six of the patients had a subsequent myocardial infarction which was fatal in two cases; five of these patients were still smoking at the time of reinfarction. There were four other deaths in group 2: in two this resulted from documented arrhythmias, in one from presumed arrhythmia, and in one from left ventricular failure, after a follow-up period of two to eight years (mean five years) from the time of infarction.
In Table 2 per cent of the patients in group 2 had a raised cholesterol and 25 per cent had hypertension. Cigarette smoking was the sole major risk factor in nine of the 10 patients in group 1 and in five of the 30 patients in group 2. It is apparent that cigarette smoking was the common risk factor; nine of the 10 patients in group 1 and 22 of the 30 patients in group 2 were cigarette smokers.
Discussion
The occurrence of myocardial infarction must imply critical curtailment of the nutrient blood supply to the infarcted area at the time of necrosis regardless of the subsequent angiographic state of the coronary vessels. Though microvascular disease has been suggested it has not been shown and (a) group.bmj.com on October 14, 2017 -Published by http://heart.bmj.com/ Downloaded from would in any case be unlikely to cause circum-from which he died four years later. Necropsy scribed infarction within the territory of a major showed a full thickness anterior wall infarct with old coronary artery.
recanalised thrombus in the proximal left anterior Coronary arterial spasm producing myocardial descending coronary artery and no significant infarction has recently been reported and is well coronary atheroma. The second case was a 34-yeardocumented.5 It has been shown, however, that old clergyman who smoked 30 cigarettes a day and patients with variant angina possibly caused by had a large anterior myocardial infarct. This was spasm of normal coronary arteries have a distinctive complicated by recurrent refractory ventricular clinical pattern characterised by recurrent, usually tachycardia from which he died four weeks later. At nocturnal, attacks of chest pain.6 The reported necropsy there was a fresh anterior wall infarct cases of myocardial infarction with angiographic with recent thrombus in the proximal left anterior visualisation of the arteries in spasm followed this descending coronary artery and no significant same clinical course, which was different from that coronary atheroma.
of the patients we have presented. None of our Necropsy studies of similar patients who have patients in either group 1 or group 2 had any died after thrombotic occlusion and who have been clinical, electrocardiographic, or angiographic fea-found to have no atheromatous coronary disease tures to suggest coronary spasm. have previously been described by Zacks8 and by It is possible that an atheromatous coronary Eliot et al.9 These cases tell us that thrombotic occlusion which has caused myocardial infarction occlusion can cause myocardial infarction in the may be missed at subsequent coronary arteriography. absence of atheroma. In such cases normal coronary Technical factors such as the equipment, the num-arteriograms may follow recanalisation and be the ber of views taken, the quality of the film, and the tell-tale tip of the iceberg, for a thrombotic occlusion skill of the interpreter are all sources of possible which has not recanalised cannot be distinguished error; though an occlusive lesion can be missed, with any certainty angiographically. Neither can a we scrutinised the major artery of supply of the recanalised artery be recognised if there has been infarcted territory with special care in all our no sizeable infarct in its territory.
angiograms.
How then, are we to recognise such patients? The most attractive hypothesis is that infarction re-Rosenblatt and Selzer4 have emphasised a different sulted from thrombotic occlusion which was followed clinical course in which myocardial infarction is by subsequent lysis and recanalisation. Henderson usually unheralded and not preceded by angina. et al.7 using serial angiography showed recanalisation Subsequent angina and reinfarction is rare and of a thrombotic occlusion which had caused myo-+ prognosis should be good for it is largely dependent cardial infarction in a young woman who had been' -'on the size of the infarct and possible development taking an oral contraceptive. It is possible that of arrhythmia. Only two of our group 1 patients prostacycline-induced recanalisation may be as rapid had angina or any form of pre-infarction syndrome; as thromboxane-induced thrombosis in a vessel one patient had angina after infarction for three whose endothelium has been damaged by smoking months and he subsequently became asymptomatic; and that infarction is caused by regional embolisa-two patients developed breathlessness and atypical tion of the aggregates. This could account for chest pain and are now asymptomatic after excision normal coronary angiograms even when angio-of left ventricular apical aneurysms. The patient graphy is carried out within hours of infarction.' who continued to smoke had two subsequent Thrombosis causing myocardial infarction in the myocardial infarctions without angina but has been absence of significant atheromatous disease of the asymptomatic since giving up cigarettes three coronary vessels can only be postulated in patients years ago. None of the remaining six patients had whose subsequent coronary arteriograms are normal. any form of angina after myocardial infarction and It is likely that there is another and perhaps larger none has died during the follow-up period. group.bmj.com on October 14, 2017 -Published by http://heart.bmj.com/ Downloaded from infarction and an abnormal coronary arteriogram had raised cholesterol and 25 per cent were hypertensive. Seventy-five per cent of the patients in group 2 were cigarette smokers and heavy cigarette smoking was common to each group.
Epidemiological evidence suggests that cigarette smoking contributes to the development of coronary atherosclerosis.'F' More recently, several epidemiological studies have suggested that cigarette smoking can trigger acute coronary events in patients with underlying coronary artery disease.13 14 The Framingham Study has shown that men who were former smokers on entry to the study had coronary heart disease rates over an 18-year followup period that were no higher than those of men who had never smoked. Wilhelmsson et al., in Sweden, 14 have shown that young or middle-aged men who stop smoking show a major reduction in rates of coronary heart disease as compared with those who continue to smoke. Doyle"' has written that cigarette smoking is a weak risk factor on its own, though smoking greatly increases the probability of acute coronary events in patients with hypertension or hypercholesterolaemia. Most transmural infarcts in atheromatous subjects result from final thombotic occlusion of a chronically narrowed vessel'6 and it seems that smoking might trigger this event.
Can cigarette smoking cause coronary thombosis in the absence of atheroma? This is the unproven but suggested hypothesis. The effects of inhaled smoke containing nicotine and carbon monoxide are multiple: increased catecholamine release, increased carboxyhaemoglobin, endothelial swelling, narrowing of the vessel lumen, arterial spasm, increased platelet stickiness, increased platelet aggregation, and inhibition of fibrinolysis." Further information about platelet behaviour in these patients is required.
Khan and Haywood2 reported 78 consecutive patients with myocardial infarction under the age of 50 who had selective coronary arteriograms. They found nine patients (12%) who had normal coronary arteriograms: cigarette smoking was the sole major risk factor in eight of these patients and the mean consumption per person was 30 cigarettes per day. In our institution nine of the 40 patients (25%) under the age of 40 with myocardial infarction who were investigated by selective coronary arteriography had normal coronary arteriograms; in these nine patients mean cigarette consumption was 25 per day. These are the two largest reported series of myocardial infarction with normal coronary arteriogram and in both series smoking was the sole major risk factor. It is essential to recognise this group of patients with normal coronary arteriograms because it includes a significant proportion of young patients with myocardial infarction and because there are important therapeutic implications. In suffering myocardial infarction at a young age these patients have identified themselves as being at particular risk; if cigarette smoking was the trigger, it is important that they stop. Eight of our 10 patients did so and had no recurrence of myocardial infarction, angina, or other coronary events. One patient continued to smoke 60 cigarettes per day and had two further myocardial infarctions.
In our study five of the 30 patients who had myocardial infarction and an abnormal coronary arteriogram had a proximal occlusion in only one vessel. In two of these patients there was no significant atheroma at necropsy. Angiographically it may be impossible to differentiate thrombotic occlusion from atherosclerotic occlusion, but the clinical presentation and risk factor profile in patients with non-atheromatous occlusive coronary disease is distinctive and recognisable. 
